A new species Ypsolopha rhinolophi Corley is described from northern Portugal and south-east France. It resembles Y. alpella (Denis & Schiffermüller, 1775) and Y. lucella (Fabricius, 1775) but shows clear differences from both species in DNA barcode and in male and female genitalia. Male genitalia of Y. lucella are illustrated for the first time. The new species has been collected at light, reared from larvae on Quercus pyrenaica Willd. and recognised from DNA barcode fragments obtained from droppings of horseshoe bats.
Introduction
Ypsolopha Latreille, 1796 is a large genus with more than 160 described species (Jin et al. 2013) found all over the Palaearctic and Nearctic regions, with greatest diversity in the eastern Palaearctic. Thirty-seven species are known in Europe (de Jong et al. 2014) . They are medium-sized Microlepidoptera, often with distinctive wing shape and markings. In the Iberian Peninsula 21 species are known to occur (Vives 2014), none is endemic, and many of them have a wide distribution in the middle latitudes of Europe, extending into northern parts of Spain, but not reaching Portugal. Currently, only five species are known to occur in Portugal (Corley 2015) : Ypsolopha alpella (Denis & Schiffermüller, 1775) , Ypsolopha lucella (Fabricius, 1775) , Ypsolopha persicella (Fabricius, 1787) , Ypsolopha scabrella (Linnaeus, 1761) and Ypsolopha ustella (Clerck, 1759) . Ypsolopha species are not very commonly attracted to light, so they are potentially under recorded.
The larvae of Ypsolopha species feed on the leaves of woody plants, especially trees. The majority feed on a single genus of plants (monophagous) or a few closely related genera (oligophagous). Of the species known in the Iberian Peninsula, the food-plants of three species appear to be unknown (Robinson et al. 2010) , only Y. parenthesella (Linnaeus, 1761 ) is polyphagous, feeding on Quercus, Corylus, Carpinus, Betula, Alnus and probably other trees. Four species are oligophagous on Rosaceous trees including Prunus, Crataegus, Malus and Sorbus. The remaining species are monophagous: four species on Quercus (Y. lucella, Y. alpella, Y. sylvella (Linnaeus, 1767) , Y. ustella (Clerck, 1759) ), one species on each of Fagus, Acer, Ulmus, Euonymus and two on Lonicera. There are also three species feeding on Ephedra, a strange plant belonging to the small class Gnetopsida, which is distantly related to Gymnosperms. It is an unusual food-plant for Lepidoptera, but in arid areas of the central Palaearctic region it hosts a large diversity of Ypsolopha species.
Since 2015, the authors have been collecting specimens of moth species throughout continental Portugal within the frame of the InBIO Barcoding Initiative. Currently four of the five Ypsolopha species are represented in the reference collection by a total of eight samples, including one Ypsolopha specimen identified as Y. alpella collected at Constantim (north-east Portugal) in 2016.
In a parallel study that aims to characterise the diet of bat communities in north-east Portugal using a metabarcoding approach, one of the authors (V.M.) found DNA sequences of Ypsolopha specimens in the bat diet samples (unpublished data). Droppings from different individual bats of the genus Rhinolophus Lacépède, produced two different DNA barcodes, both supposedly matching the same species, Ypsolopha alpella. The "Constantim" DNA barcode sequence was found in bat droppings samples she was processing from two individuals of Rhinolophus ferrumequinum (Schreber) and one of R. euryale Blasius. Although the DNA barcode of the Constantim specimen shows clear differences from both Y. lucella and Y. alpella DNA barcodes, this information had not yet been fully processed within InBIO Barcoding Initiative project at the time. This paradox caught the attention of V.M. who then asked M.C. to confirm the species identity of the specimen collected at Constantim. M.C. dissected a male from Constantim and it was immediately apparent that this was a distinct species with very clear differences from Y. alpella. This is described in this paper as a new species of Ypsolopha based on morphological and genetic data, present in Portugal and France.
Abbreviations
NHMUK-Natural History Museum, London, UK USNM-National Museum of Natural History, Smithsonian Institution, Washington, DC, USA
Material and methods
Moths were collected at night using 125 w mercury vapour lights over a white sheet, netted by day and reared from larvae found by searching in daylight. Genitalia were dissected using standard techniques (Robinson 1976) , with preparations mounted in Euparal.
Bat droppings were collected for a community level trophic study. Bats were captured at various locations in north-east Portugal using mist nets. Captured bats were placed inside clean cotton bags and droppings were collected from these bags.
DNA extraction and sequencing. Genomic DNA was extracted from leg tissue (Table 1) using EasySpin Genomic DNA Tissue Kit (Citomed, Lisboa, Portugal) following manufacturer's protocol, except for the lysis period which was extended to enhance extraction success. The cytochrome c oxidase I (COI) barcoding fragment was amplified as two overlapping fragments using two sets of primers. For the first fragment, primers LepF (Hebert et al. 2004) and MlepR (Hajibabaei et al. 2006) were used, while primers LepR (Hebert et al. 2004) and MlepF (Hajibabaei et al. 2006) were used to amplify the second fragment. Both PCR reactions had 10 μL of final volume, containing 5 μL of Multiplex PCR Master Mix (QIAGEN, Hilden, Germany), 0.4μM of each primer, and 1-2μL of DNA. PCR amplification was carried out on a T100 Thermal Cycler (BioRad, Hercules, CA, USA) using the following conditions: initial denaturation at 95ºC for 15 min; 5 cycles at 95ºC for 30 s, 47ºC for 45 s, 72ºC for 45 s; then 40 cycles at 95ºC for 30 s, 51ºC for 45 s, 72ºC for 45 s; and a final elongation step at 60ºC for 10 min. The DNA barcodes were sequenced in an Illumina Miseq platform, following the approach described by Shokralla et al. (2015) . We used OBITools (https://git.metabarcoding.org/obitools/obitools) for general sequence processing. Geneious v.6.1.5 (http://www.geneious.com/) was used for final sequence assembly. The sequence obtained was blasted against GenBank and BOLD databases. The average divergence (uncorrected p-distance) between the sequence of Portuguese specimens and sequences available in GenBank and BOLD was calculated in MEGA v.5.2.1 (Tamura et al. 2011) .
DNA was extracted from the bat droppings using the E.Z.N.A. Tissue DNA Kit (Omega Bio-Tek, USA). Target fragments of DNA were amplified using two different COI primer-sets: fwhF2/fwhR2n (Vamos et al. 2017 ) and ZBJ-ArtF1c/ZBJ-ArtR2c (Zeale et al. 2011 ). Both PCR reactions had 10 μL of final volume, containing 5 μL of Multiplex PCR Master Mix (QIAGEN, Hilden, Germany), 0.3μM of each primer, and 1μL of DNA. PCR amplification was carried out on a T100 Thermal Cycler (BioRad, Hercules, CA, USA) using the following conditions: initial denaturation at 95ºC for 15 min; 35 cycles at 95ºC for 30 s, 45ºC for ZBJ and 50ºC for fwh2 for 30 s, 72ºC for 30 s; and a final elongation step at 60ºC for 10 min. PCR fragments were sequenced in a HiSeq Illumina Platform following the manufacturer's protocol. Bioinformatic procedures and DNA barcode identification followed Mata et al. (2019) .
Results
Molecular results: All samples amplified the partial COI gene sequence. The specimen from Constantim exhibited a distinct haplotype with Ypsolopha lucella being the closest related species (uncorrected p-distance 3.8%) and all other 40 Ypsolopha species including Y. alpella with sequences available with over 6.5% divergence (SM Table 1 ). Paratypes: ♂, same locality, emerged 5.vii.2016, coll. Corley. (Fig. 1B) (Fig. 3B) ; ♂, France, Basses Alpes, Digne, Vallée Miraux, 15.vii.1969, leg. E. Jäckh, [gen. prep.] 5441, (USNMENT 01480147) (USNM) (Figs 1D, 2B) .
Taxonomic account

Ypsolopha rhinolophi
The new species has also been identified from a photograph taken at Portugal, Minho, Melgaço, Assureira, Ponte Nova, 8.viii.2015, photo by J. Nunes (Fig. 1C) . The specimen was not collected but can clearly be identified from the photo.
Description. (Figs 1A-D) . Wingspan 17-18.5 mm. Head with erect hair-like scales, pale ochreous; labial palp pale buff, segment 2 with tuft of long, forward-projecting, hair-like scales, longer than segment, segment 3 with appressed scales, slender, pointed; antennal scape buff, flagellum white, ringed black. Thorax ochreous to ochreouscinnamon. Forewing broad, faintly hooked at apex, termen slightly concave, ground colour ochreous, sometimes overlaid cinnamon except costal area to one-third wing length and with less cinnamon in an indistinct band across wing from two-thirds to seven-eighths, terminal area darker cinnamon, at least ochreous costal area crossed by ochreous-brown strigulae, often such strigulae present over most of wing surface, combining with slightly darker lines on veins to form a reticulate pattern; spots on dorsum at one-quarter and one-half light brown to blackish, additional black scales, spots or dashes present in some specimens particularly in fold and on dorsal margin of cell; fringe with two darker cinnamon lines. Hindwings light grey, towards margins darker grey; fringe light grey-buff with dark grey basal line. Abdomen light grey-buff.
Variation. The French specimen (Fig. 1D) has forewing coloration less ochreous, more uniformly reticulate, without black markings and with the two dorsal spots faint; hindwing fringe whitish with distinct light grey-brown fringe line. Male genitalia: (Figs. 2A-B) . Uncus not developed, socii widely separated, narrow, pointed spikes, gnathos arms long, medial plate hardly widened, chanelled; valva obovate, narrow at base, costal margin straight, thickened, ventral margin thickened, with slight bend beyond middle, apex with tighter curve to costal margin than to ventral margin; saccus slender, parallel-sided, 0.4 times length of valva; anellus tube densely covered with minute thorns; aedeagus 1.25 times length of valva, ductus ejaculatorius attached at middle of aedeagus, basal half (caecum) straight, slender, but twice width of apical half, apical half slightly curved, with pair of elongate cornuti, apex acute, apical part surrounded by a mantle covered with minute thorns.
Female genitalia: (Fig. 3A-B) . Papilla analis rounded at apex; apophysis posterioris long, more than three times as long as apophysis anterioris, as measured from base of its posterior branch to apex; segment VIII weakly sclerotised; ostium circular, antrum small, ovoid, ductus bursae slender, expanding gradually towards corpus bursae, slightly longer than apophysis anterioris; corpus bursae large, ovoid, signum large, not well defined, consisting of two rhombic plates joined to form an hourglass shape, the posterior rhombus slightly smaller, both halves with a conspicuous transverse fold at their widest point.
Diagnosis. Y. rhinolophi is immediately separable from Y. alpella by the black-ringed white antenna, and differs from the most closely related species Y. lucella (Fig. 1E ) in the absence of white scales on head and thorax. Further differences externally and in genitalia from both of these species are presented in Table 2 (Linnaeus, 1761) and Y. ustella (Clerck, 1759 ) also feed on Quercus, but are not similar in appearance to Y. rhinolophi.
Larva. The larvae found at Constantim were of a light green colour, but were not recognised as of particular interest at the time of collection and were not photographed or described. Biology. Larvae were found at the beginning of June feeding on Quercus pyrenaica between adjacent leaves spun together. Moths emerged in early July. In the field, moths have been taken at light in the middle and end of July, in August and also on 21 and 23 September in different years. The site at Constantim is a low hill rising from the plateau at 840 m altitude, covered with Q. pyrenaica of moderate size. On Serra do Larouco the site was Q. pyrenaica scrub on a mountainside at 1370 m. The sites at Penedono and Miranda do Corvo were at 850 m and 800 m respectively, and both have Quercus pyrenaica present (J. Rosete pers. comm.). One additional site in Minho lies at 780m and also has Q. pyrenaica (Portugal, Minho, Melgaço, Castro Laboreiro, Assureira, Ponte Nova, 8.viii.2015, J. Nunes, E. Marabuto and A. Gonçalves) . Quercus pyrenaica is not present in south-east France where another Quercus species is likely to be the food-plant.
Distribution. In Portugal Ypsolopha rhinolophi is known from direct collection of larvae or adults from two localities in Trás-os-Montes in the north-east Portugal and from single localities in Beira Alta and Beira Litoral, and from a photographed moth in Minho in the north-west of the country which clearly shows the coloration, wing shape and black and white antennae of the new species (Fig. 1C) . In addition, DNA metabarcode samples obtained from bat droppings indicate its presence in two additional localities in Trás-os-Montes (see Fig. 4 ). In France it is known from a single locality in Basses Alpes in the south-east of the country. Suitable habitat exists for Y. rhinolophi in Spain, so the species is likely to occur in the country.
Etymology. The species name rhinolophi recognises the part played in the discovery of the new species by the horseshoe bats Rhinolophus ferrumequinum and Rhinolophus euryale. The name is a noun in genitive case. (Fabricius, 1775 ), England, Lincolnshire, Broadholme, 23.viii.2013 Goodey. D. Y. alpella (Denis & Schiffermüller, 1775), England, Essex, Colchester, Layer-de-la-Haye, 15.viii.2004, leg. and gen. prep . B. Goodey.
Discussion
The described morphological and genetic characteristics demonstrate the distinctiveness of Ypsolopha rhinolophi from other species of Ypsolopha. Nevertheless, the specimens from Serra do Larouco and those from Constantim were originally identified by M.C. as Y. alpella, including the female from Serra do Larouco, which was dissected in 2006. The long overlooked presence of Y. rhinolophi in Portugal resulted in some confusion in the identification of Portuguese Ypsolopha species, particularly Y. alpella (the morphologically most similar species), but also Y. lucella (the genetically closest species). The French specimen was identified by Jäckh as Y. lucella. Externally it shows some differences from Portuguese material (cf Figs 1D and 1E ), but no difference in male genitalia (cf Figs  2A and 2B) . The only illustration of Y. lucella male genitalia we were able to find is in Zagulajev (1981) which is indistinguishable from his drawing of male genitalia of Y. alpella and surely represents that species, not Y. lucella. No specimens have been collected by the authors and no male was found among about 30 specimens in NHMUK (David Lees pers. comm.). According to Suomalainen (1978) the species is largely parthenogenetic over most of Europe, although he found a report of males found by E. Jäckh in north-west Italy and south-east France. Jäckh's collection is in USNM. Mark Metz kindly sent photographs of two males named Y. lucella by Jäckh together with photos of their genitalia. One specimen (USNMENT 01480146) (Fig. 1E) is indeed Y. lucella and male genitalia are illustrated here for the first time (Fig. 2C) . The other specimen (Figs 1D and 2B) proved to be Y. rhinolophi sp. n. which greatly extends the known range of this species to south-east France.
The distribution of Y. alpella and Y. lucella in Portugal as given in Corley (2015) needs to be reviewed, but there is a shortage of collection material available and further efforts should be made in future fieldwork.
Horseshoe bats forage mostly in deciduous woodlands (Goiti et al. 2008) . Such woodland in north-east Portugal is usually dominated by Quercus pyrenaica, the known food-plant of Y. rhinolophi. Horseshoe bats do not forage at any great distance from their roosts (Flanders & Jones, 2009) , so the moth is likely to be present in the areas where the dropping samples were obtained. We include these localities on the map presented (Fig. 3) . Diet analysis of bats might prove to be a relevant source of information in cases of moth species that are not commonly attracted to light such as Ypsolopha species.
